The Bishop score is the most commonly used method to assess the readiness of the cervix for induction. However, it was created without modern statistical methods. Our objective was to determine whether a simplified score can predict vaginal delivery equally well. 
LEVEL OF EVIDENCE: II

I
n the 1960s, Dr Edward Bishop developed a pelvic scoring system using cervical dilatation, effacement, station, consistency, and position with a possible range from 0 to 13. 1 Based on clinical experience, he concluded that elective induction in multiparous women with uncomplicated pregnancies at term was successful with a score of greater than 8.
Shortly after the Bishop score was introduced, other investigators created weighting for the components of the score and found that cervical dilation was more associated with the time of the latent phase compared with the other components. However, the weighted Bishop score did not provide a clinically significant improvement in predicting duration of labor compared with the original score. 2, 3 New scores have been proposed, the Bishop score has been modified, and attempts have been made to improve the Bishop score by adjusting for additional maternal and obstetric characteristics, but these scores in general have not proven to be superior to the original score, and these more cumbersome scores have not been widely adapted into busy clinical practice. 4 -8 The Bishop score remains the most commonly used system to assess for preinduction readiness. 9 Because the original Bishop score was created on an empiric basis without modern statistical methods and the five components are correlated, the question remains whether all components are necessary in predicting vaginal delivery. If only some of the components are independently associated with successful induction, then the score can be reduced to contain only those components with equivalent ability to predict a successful induction. Our objective was to determine whether a simplified Bishop score can predict vaginal delivery equally well in nulliparous women with uncomplicated pregnancies undergoing induction of labor at term in contemporary obstetric practice. We then investigated whether a simplified Bishop score could be applied for other indications for induction and at different gestational ages.
MATERIALS AND METHODS
The Consortium on Safe Labor was a study conducted by the Eunice Kennedy Shriver National Institute of Child Health and Human Development, National Institutes of Health involving 228,668 deliveries between 2002 and 2008 from 12 clinical centers and 19 hospitals. 10 Institutional review board approval was obtained by all participating institutions. Data were collected from electronic medical records, including demographics, medical history, labor and delivery information as well as obstetric, postpartum, and neonatal outcomes. Additional data from the neonatal intensive care unit were collected and linked to the newborn record. The patient data were supplemented with maternal and newborn discharge International Classification of Diseases, 9th Revision codes for each delivery. Each site transferred data in electronic format to the data coordinating center where data were mapped to common categories for each predefined variable. Data were cleaned and logic checking performed. Validation studies indicated that the electronic medical records were an accurate representation of the medical charts. 10 Eleven sites provided indications for induction. We included nulliparous women with a singleton gestation, delivering between 37 0/7 and 41 6/7 weeks of gestation, with vertex presentation, and were uncomplicated pregnancies undergoing elective or postdate induction of labor or induction for precursors that could have been expectantly managed, including uncomplicated gestational hypertension 11 or chronic hypertension before 39 weeks of gestation 12 ; history of maternal, obstetric, or fetal indication in a prior pregnancy; or induction for suspected fetal macrosomia without diabetes. 13 We excluded women with a previous uterine scar (nϭ12), stillbirth (nϭ16), any child with congenital anomalies (nϭ795), or who had an induction for any other reason, including chorioamnionitis, fetal compromise, maternal preeclampsia, maternal medical conditions, and vaginal bleeding. A total of 12,996 women was available for final data analysis and of these, 5,610 women had all five components of the Bishop score and this was designated the "training" population.
Logistic regression with backward elimination was performed to investigate which components of the Bishop score (dilation, effacement, station, consistency, and position) were significantly associated with successful vaginal delivery in a model adjusted for site. A simplified Bishop score was created by comparing the regression coefficients and using only the components that had a final PϽ.01 by Wald test. The significance level of PϽ.01 for an effect to stay in the model was chosen because although PϽ.05 might be statistically significant, the purpose of the study was to simplify the score. We chose to include only those components that were the main contributors to success of vaginal delivery. The regression model for the simplified Bishop score was validated using a bootstrap method with samples of the same size as the original data set.
14 Bootstrapping is a technique that allows a given population to be randomly resampled to create multiple data sets of the same size. The analysis was rerun in each bootstrap sample to evaluate whether our decision-making regarding choice of which of the five components of the original Bishop score to include in a simplified score was robust. Logistic regression was performed with a PϽ.01 significance level for the effect to stay in the model in a backward elimination step using the data set from each of the 1,000 bootstrap samples.
Interactions were explored between the components that were statistically significant and Spearman's correlation coefficients were calculated. Sensitivity, specificity, positive and negative predictive values, and positive likelihood ratio positive were calculated for the original Bishop score and the simplified Bishop score. The correct classification rate was calculated by adding the number of true positives and true negatives and dividing by the total number of patients classified.
The simplified Bishop score was compared with the original Bishop score in two test populations in which women had all cervical components present: at term (37 0/7-41 6/7 weeks of gestation) and preterm (32 6/7-36 6/7 weeks of gestation) undergoing an indicated induction of labor, including maternal, obstetric, or fetal indications for induction (for example, preeclampsia, maternal medical diseases, small for gestational age, oligohydramnios) and did not include any women in the training population. To test the Bishop score and simplified Bishop score in a "natural experiment," we also evaluated these scores in women with spontaneous labor at term (37 0/7-41 6/7 weeks of gestation) and preterm (32 0/7-36 6/7 weeks of gestation).
RESULTS
There were 5,610 women included in the training population and their characteristics are presented in Table 1 . Most women were between the ages of 18 and 34 years and had an average height between 60 and 68 inches. Approximately one third of women were overweight (body mass index [calculated as
] 25.0 -29.9) at delivery and 38.9% of women were obese (body mass index 30.0 or greater). The majority (69.3%) of women were white or non-Hispanic followed by 10.9% African American or non-Hispanic, and 6.7% Hispanic. Induction of labor occurred more often in women with private insurance (77.0%), nonsmokers (97.1%), and at or after 39 weeks of gestation. There were 1,716 (30.6%) women who had a Bishop score greater than 8 before induction.
Overall, 75.3% women (nϭ4,224) had a vaginal delivery. In the regression model, dilation had the highest regression coefficient (.45) followed by station (.32), and these cervical components were both highly significant (PϽ.001 and Pϭ.009, respectively; Table 2). Effacement had a regression coefficient that was similar to consistency (.15 compared with .13, respectively), although effacement was highly significant (PϽ.001), whereas consistency was not (Pϭ.07). Cervical position had a very small contribution to the model (regression coefficientϭ.01) and was not significant (Pϭ.06). There were no significant interactions between these components, although they were correlated (Spearman's rϭ.3-5, PϽ.001). We chose to include dilation, station, and effacement in a simplified score because these were the cervical components that had the largest three regression coefficients and were highly significantly associated with success of vaginal delivery.
To validate the process of developing a simplified score, a bootstrap method was used. The bootstrap method resulted in dilation and station always being chosen in the model and effacement chosen for 70.5% of the different bootstrap samples, overall supporting our choice of cervical components from the regression model (Table 3) . At a given sensitivity and specificity for vaginal delivery, the positive predictive value, negative predictive value, and correct classifications rates were similar to the original Bishop score compared with using a simplified Bishop score based on dilation, effacement, and station only (Table 4 ). For example, using the original Bishop score greater than 8, the simplified Bishop score with the closest sensitivity and specificity would be greater than 5. Compared with the original Bishop score greater than 8, the simplified Bishop score greater than 5 had a similar positive predictive value (87.7% for the simplified compared with 87.0% for the original score) and negative predictive value (31.3% for the simplified compared with 29.8% for the original score). The positive likelihood ratio test and the correct classification rate were also similar or slightly better (2.34% compared with 2.19% and 51.0% compared with 47.3%, respectively).
We then compared the simplified Bishop score with the original Bishop score for the following separate populations of women: term (37 0/7-41 6/7 weeks of gestation) indicated induction and spontaneous labor and preterm (32 0/7-36 6/7 weeks of gestation) indicated induction and spontaneous labor. The simplified Bishop score was associated with a similar vaginal delivery rate compared with the original Bishop score (Fig. 1) . For illustration, a simplified Bishop score greater than 5 performed similarly to an original Bishop score greater than 8 in both the indicated inductions and spontaneous labor at term and preterm with the similar correct classification rates (Table 5) .
DISCUSSION
In nulliparous women with uncomplicated pregnancies undergoing an induction of labor at term, a simplified Bishop score with three components (dilation, station, and effacement) predicted vaginal delivery similarly to the original Bishop score. The simplified Bishop score also was comparable to the original Bishop score in predicting successful vaginal delivery in women with an indicated induction both at term and preterm between 32 and 36 6/7 weeks of gestation. Even in women who presented in spontaneous labor at term and preterm, the simplified Bishop score was similar to the original Bishop score, suggesting that the simplified score is equivalent to the original score in the setting that it was developed.
Other attempts at modifying or evaluating the Bishop score have used different outcomes such as length of labor or achieving active labor, and many included multiparous women who are known to have more successful inductions. [3] [4] [5] 7 We chose vaginal delivery as the primary outcome, because this is what clinicians and patients define as success. Our study also has the advantage of having a large number of nulliparous women. Thus, we were able to use modern statistical methods to find which components of the Bishop score were independently associated with vaginal delivery to create a simplified score.
There is a possibility that women who had all five components of the Bishop score recorded are different in baseline characteristics from women who were missing some of the components. However, most of the women (72.2%) had dilation, station, and effacement present, and many clinicians informally already use a simplified Bishop score. It is more likely that the PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio (calculated as sensitivity/͓1Ϫspecificity͔; the correct classification rate was calculated as number of true positivesϩnumber of true negatives/number of patients classified). Data are % unless otherwise specified. * Original Bishop score includes dilation, effacement, station, consistency, and position, with a possible range from 0 to 13; simplified Bishop score includes dilation, station, and effacement only, with a possible range from 0 to 9.
recording of some compared with five components of the Bishop score was based on clinician preference rather than something inherently different about a woman undergoing an induction. Given the large numbers, we were able to test the simplified score in other populations of women, including indicated induction and spontaneous labor both term and preterm, and the simplified Bishop score performed similarly to the original Bishop score in predicting vaginal delivery in all of these settings, which suggests that missing cervical components were likely not an issue. Our findings are similar to a prospective study of 134 women undergoing an induction of labor at term, in which only the cervical components of dilation and effacement were associated with vaginal delivery within 24 hours. 15 Using an "abbreviated" Bishop score including dilation and effacement only greater than 3, the predictive characteristics of vaginal delivery (excluding 23 women who had an emergency cesarean delivery for maternal or fetal indications) were positive predictive value 85.5%, negative predictive value 65.7%, and positive likelihood ratio ϩ2.61, which were similar to our simplified Bishop score greater than 5. An older, smaller study of 40 nulliparous and 69 multiparous women also found that only dilation was associated with the length of latent phase of labor after labor induction. 16 Our study found both effacement and station to be significant in addition to dilation likely because we had a large number of women and thus more power. Although the addition of position or consistency may be significantly associated with successful vaginal delivery in a different population of women, the purpose of our model was to simplify the score, so we chose only the components that were both highly significant in the regression and contributed the most to vaginal delivery as determined by the regression coefficients. Of note, simplifying the score even further by using only the two components with the highest regression coefficients, dilation and station, resulted in a worse correct classification rate compared with the simplified Bishop score using all three components of dilation, station, and effacement (data not shown). Our findings are also supported by a secondary analysis of four randomized controlled trials with a total of 781 women comparing different induction methods for indicated induction after 37 weeks of gestation, and the cervical components dilation, effacement, and station were independently associated with vaginal delivery within 24 hours after adjusting for maternal and obstetric characteristics, although only position and station were associated with spontaneous vaginal delivery. 17 Other studies have created variations of the Bishop score. In a prospective study of 1,189 women undergoing induction mostly for indicated indications, Lange et al. 7 used linear regression to create a PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio (calculated as sensitivity/͓1Ϫspecificity͔; the correct classification rate was calculated as number of true positivesϩnumber of true negatives/number of patients classified). Data are % unless otherwise specified. * Original Bishop score includes dilatation, effacement, station, consistency, and position, with a possible range from 0 to13; simplified Bishop score includes dilation, station, and effacement only, with a possible range from 0 to 9. † Number of women with all five components of the original Bishop score for that population. ‡ Indicated induction was considered as all maternal, obstetric, or fetal indications for induction and did not include any women in the training population (elective, premature rupture of membranes, or for soft indication). § Term includes delivery between 37 0/7 and 41 6/7 weeks of gestation; preterm includes delivery between 32 0/7 and 36 6/7 weeks of gestation.
new score with the cervical components of dilation and station from the original Bishop score and length measured as centimeters as opposed to percentage with dilation multiplied by two. The indications for induction (premature rupture of membranes, amniotomy, and medically induced) and definitions of failure (delivery within 24 hours or labor established within 8 hours for the medically induced group) were different from our study as well as a lower overall rate of failure of approximately 15% compared with 25% in our study. Nonetheless, Lange's score was found to perform similarly to the original Bishop score in that population of women. Dhall et al 8 also created a new score in 200 women undergoing indicated induction with a slightly lower vaginal delivery rate (71.5%) than our study. Dilation, effacement, and consistency were rescored and weighted, and parity was also included. The Dhall score had higher prediction of success rate at both ends of the score, but the study was limited because no women had a Bishop score greater than 8. In addition, using a reasonably accurate prediction of Dhall score of 7 or greater, which corresponded to a Bishop score cutoff point of 4, the Dhall score only performed significantly better in multiparous but not nulliparous women.
In summary, reassessing the original Bishop score using modern statistical methods resulted in a simplified score with only three components (dilation, station, and effacement) yielding an equivalently high predictive ability. The simplified Bishop score performed similarly to the original Bishop score in predicting vaginal delivery in indicated inductions term and preterm as well as in spontaneous labor at term and preterm. Given that our study is a large, nationally representative cohort reflecting current clinical practice, our findings are generalizable. Because cervical position and consistency do not add to the overall ability to predict vaginal delivery, we believe that the original Bishop score can be replaced with a simplified score using dilation, station, and effacement only.
